We assess the association between maternal migrant status and health outcomes in China, which has one of the world's largest migrant populations. Health records from the Shanghai First Maternity and Infant Hospital from January 1, 2013, to June 30, 2017, were used to analyze 104 681 live births for Shanghai native-born and migrant women based on International Classification of Diseases, Tenth Revision diagnosis codes and demographic data. Regression analysis including propensity score matching was conducted to investigate the association between maternal migrant status and adverse infant birth outcomes (fetal disease, congenital malformation, neonatal disease) and maternal health after controlling for pregnancy status and socioeconomic factors. The results demonstrate that migrant women had statistically significant increased odds (9.1%-10%, P < .001) of having infants with adverse health outcomes compared with their urban counterparts and that migrant mothers have less likelihood of pregnancy complications and gestational diabetes mellitus. Our results show the mixed effects of migration on infant and maternal health may be a possible outcome of China's Hukou system that often represents an important barrier in accessing prenatal health care by migrant women. Current reforms that improve access to prenatal health care services for migrant women may enhance the health outcomes of their infants.
Introduction
Infant health is a primary global health concern, given the positive association between infant health and health status in adulthood. 1 A healthy lifestyle during pregnancy increases the likelihood of a healthy infant. 2 Over the last 3 or 4 decades, there has been significant interest in assessing the association between maternal migrant status and birth outcomes. [3] [4] [5] [6] [7] Although much of the extensive literature has been concerned with international migrants, there are a few studies that have examined migrants who move internally within a country. 8, 9 This is especially true in the case of China, where the Hukou household registration system defines (and may limit) access to public services on the basis of household registration. 10 To control a large migrant population, the Hukou system, or the household registration system, was set up by the Chinese government in 1958. The Hukou system is an institution which controls population movement, and it confirms that a person is a resident of a district. In China, locally born urban residents have the right to benefit from a series of INQUIRY national welfare programs (including housing, education, and medical care), whereas migrants to these urban areas do not have access to these programs. Such disparities lead to migrants having difficulties in accessing social and health care services compared with their urban counterparts. 11 There have, however, been recent steps to reform the Hukou system in 2014 to enable better access for migrants to welfare benefits, education, and housing.
In 2017, the National Health and Family Planning Commission noted that the migrant population of China attained 245 million or 18% of the China's population. This has caused strains on urban health care systems, and in particular on the demands for health care needs of female migrants 12, 13 -especially in Shanghai, where 40.5% of the 24 million residents were migrants as of 2018 (Shanghai has the largest migrant population in china, but Shenzhen has the highest ratio according to the Chinese State Council; Yicai Global 2017. Available from: https:// www.yicaiglobal.com/news/shanghai-has-largest-migrant -population-china-shenzhen-has-highest-ratio).
Existing literature regarding the association between maternal migration and infant health tends to focus on developed countries where it has been suggested that migrant mothers tend to manifest a "healthy migrant effect" with better infant health outcomes than their native-born counterparts. [14] [15] [16] Most of these studies have occurred in developed countries. 4 In addition, Bollini et al 17 found that in most European countries, immigrants have worse pregnancy outcomes than local women. Studies that focus on developing countries are limited with varied results. In Senegal, investigators found that mothers can improve their chances of survival by moving from rural to urban areas. 18 High infant mortality was found in infants of migrants from 15 developing countries compared with urban residents. 19 In this study, we assess the effect of migrant status on birth outcomes using accurate birth records data and detailed data on women's health status drawn from the Shanghai First Maternity and Infant Hospital over the period 2013-2017. Shanghai is an ideal setting to assess the effect of migrant status on birth outcomes, owning more than 40% of migrants, as we mentioned. In addition, the Shanghai First Maternity and Infant Hospital is one of the largest obstetric hospitals in Shanghai with the greatest number of births per year (more than 30 000)-ranking it first in China. This is the first study of its kind to measure the effect of migrant status on infant birth and maternal outcomes. Our study suggests that migrant women were at a higher risk of having infants with adverse health outcomes. However, the migrant mothers themselves had a lower rate of pregnancy complications.
In the next section, we outline the conceptual framework. Data and methods are described in section "Methods." Section "Results" reports our results, and these findings are discussed in the context of the literature in section "Discussion." Section "Conclusion" offers a brief set of conclusions and policy implications.
Framework
The "healthy migrant effect" notes that although migrants tend to have lower socioeconomic status and difficulties in accessing medical services, their health status tends to be better than that of local residents. However, the health status of these migrants tends to fall over time. 8 Three factors have been identified to account for the higher initial health status of migrants. First, migration is a selective process, with healthy people having greater opportunities to move. Second, migrants are likely to underestimate the impact and consequences of potentially adverse health conditions, as they tend to have limited access to social and medical services and may fail to have periodic physical examinations. 20 Third, when migrants do fall ill, some migrants return to their birthplace. 21 Hence, the migrants who remain and settle in their host area may tend to be generally healthier than those who return home. The "healthy migrant effect" might be reflected in better reproductive outcomes for their infants than that for local urban residents. 16 Current research findings on the health status of migrants in China are consistent with the global literature concerning the "healthy migrant effect." 22 This effect suggests that migrant health is generally better than the health status of local residents when they first move, but over time the health status of migrants converges toward (and in some cases may even fall below that of) the local population of nonmigrants. [22] [23] [24] Some Chinese studies have investigated the "healthy migrant effect." 8 Tong and Piotrowski 9 found migrants to have better health when compared with the local urban population in Beijing. However, recent research on the health status of Chinese migrants has yielded the opposite results. 25 They found migrants were more vulnerable to infectious and sexually transmitted diseases, occupational injuries and diseases, and had a greater likelihood of having poor reproductive health and high maternal mortality. 26 Furthermore, none of these studies have stressed the potentially important implication that access to urban public health is more difficult for migrants, which in turn might limit their access to health services. 12 Migrants further resort to paying out-of-pocket costs for urban medical services. 27 Female migrants, in particular, have limited access to medical insurance and often have lower educational status, and they often lack knowledge of antenatal care. All this taken together can result in adverse reproductive outcomes. 28
Methods

Data Source
This study used inpatient hospitalization admission data on all women who gave birth between January 1, 2013, and June 30, 2017, at the Shanghai First Maternity and Infant Hospital. The data were used to evaluate infant birth outcomes. The data contain patient demographics and clinical details on 104 681 live births. Diagnostic information is coded using International Classification of Diseases, Tenth Revision (ICD-10). 29 Our study was approved by the Shanghai First Maternity and Infant Hospital.
Measures
Dependent variable. There are 2 kinds of health outcomes in this study: adverse infant birth outcomes and maternal health indicators. First, the adverse infant birth outcomes was measured using diagnostic information based on International Classification of Diseases, Tenth Revision, Clinical Modification (1CD-10-CM) (1 = if the baby was diagnosed with any disease by a pediatrician at birth; 0 = otherwise). Then, these adverse birth outcomes were further divided by a pediatrician into 4 groups: (1) fetal disease, including conditions such as embryo kidney growth abnormal, space-occupying lesions of liver, hydrops fetalis, slow fetal growth, and fetus intrauterine hypoxia; (2) neonatal malformation, including conditions such as accessory finger(s), undescended testicle, and cleft lip; (3) neonatal disease, including conditions such as macrosomia, ABO isoimmunization of newborn, low birth weight (LBW), congenital pneumonia, and neonatal jaundice; (4) other infant health condition, which refers to other similar infant health conditions. The list of these ICD-10 codes is shown in Appendix C. A binary variable was created for each infant to signal whether the infant was healthy (ie, without any disease diagnosis).
Second are 3 variables to measure maternal health: (1) pregnancy complications (Pregnance complications ICD-10-CM codes O44.0 O44.1 O13.1 O13.2 O13.3 O13.9 O14.0 O48.0 O26.2 O99.3 O24.4 O26.8 O30.0 O36.0 O36.5 O36.6 O24.9; gestational diabetes mellitus ICD-10-CM codes O24.9.) (reported by ICD-10 diagnosis codes in the medical records, as shown in Appendix C), which refer to diagnosis of medical complications during pregnancy, including placenta previa, hemorrhage, poor fetal growth, gestational hypertension, pre-eclampsia, and so on (1 = the woman has pregnancy complications; 0 = otherwise); (2) gestational diabetes mellitus (1 = the woman has gestational diabetes; 0 = otherwise); and (3) cesarean section (1 = the woman has cesarean section; 0 = the woman has natural birth).
Key independent variables. We analyzed mothers' migrant status (Hukou) as a binary variable (1 = migrants, 0 = Shanghai-born women). Sixty-five percent of the sample fell into the Shanghai native-born category (n = 68 367), and 35% were migrant women (n = 36 314) of the total sample of 104 681.
We also adjusted for demographic and maternal clinical characteristics. These include maternal age at the child's birth; gravida-number of times a woman has been pregnant; birth parity-number of pregnancies >20 weeks; gestation weeks-measure of the age of a pregnancy which is taken from the woman's last menstrual period; ethnicity (1 = not Han Chinese; 0 = otherwise); nationality (1 = not China; 0 = otherwise); high risk of pregnancy-which means the woman or the baby is more likely to have health problems during pregnancy, and this was indicated on their medical records (1 = being at a high risk; 0 = otherwise); rescue times-which means the number of times being saved from a severe pregnancy outcome, such as postpartum hemorrhage, amniotic fluid embolism, or other outcomes; maternal near-miss (severe acute maternal morbidity)-which refers to whether the woman nearly died but survived a complication during pregnancy or at birth (1 = maternal near-miss; 0 = otherwise); and occupation (1 = employed, 0 = not employed). Cesarean section (1 = cesarean delivery, 0 = natural delivery) and pregnancy complications are mentioned previously.
Dummy variables for each study year were included in the analysis to adjust for possible changes in the social and economic environment over the study period.
Statistical Analysis
Two different estimation strategies were used. First, we begin with a series of logistic regression models predicting the competing odds of giving birth to an infant with an adverse outcome. We assessed the robustness of our results by running the analyses segmented by occupation and analyzing specific health outcomes of infants and the migrant women.
Second, we used propensity score matching (PSM) introduced by Rosenbaum and Rubin 30 to address potential selfselection issue of migrants. This method estimates the probability that a study participant was a migrant based on a series of covariates. 30 The propensity score method was INQUIRY based on a 2-stage procedure. First, the propensity score was estimated and used to match observations in the whole dataset in such a way that individuals with similar values to the identified determining covariates were grouped together to assess the independent effect of migrant status. Then, the effect of migrant status on adverse infant outcomes was estimated using matching techniques based on propensity score estimation. In addition to using the same covariates from our logistic regression models, we added age square as matching variables in our PSM estimator.
Finally, a logistic regression approach was used to analyze the association between maternal migration status and indicators of maternal health. We estimated all results using Stata 14. Table 1 provides descriptive statistics for each of the variables used in the study. The average age of the sample of mothers was 30.6 years, with 35% being migrants. Almost all (94%) of the mothers were employed. Regarding nationality and ethnicity, most of the mothers were Han Chinese. Around 51% of them had a high-risk pregnancy. More than 40% of the women had a cesarean delivery, and 23.7% of infants had adverse health outcomes. Table 2 reports a statistically significant effect of maternal migrant status on adverse infant birth outcomes over the entire study period. After controlling for all key explanatory variables, the effect of migrant status on birth outcomes remains significant. The results demonstrate that migrant women had a statistically significant 9.3% (Model 3) to 10.0% (Model 2) increased likelihood (P < .001) of having infants with adverse health outcomes compared with their urban counterparts. Notably, several covariates were strongly associated with the dependent variable ( Table 2) . Maternal gravida and parity before pregnancy were statistically significant (P < .001). Similarly, high-risk pregnancy and maternal near-miss were associated with adverse infant outcomes. In the mode of delivery, natural birth was less likely to be associated with adverse infant outcomes than a cesarean delivery.
Results
Descriptive Statistics
Infant Birth Outcome
We also ran a similar analysis for each study year to investigate whether infant birth outcomes changed over time, as shown in Table 3 . The results show that in 2013, migrant women had a 16% increased likelihood of having an adverse outcome, and it decreased to 12% in 2014. It further decreased by 9.8% in 2015 and by 6.9% in 2017. The results remain statistically significant. Migrant status was significant for all years except for 2017 when the sample size for that year was about half that for the other study years. All the models were controlled for demographic and maternal health characteristics. Appendix A shows the results by categories of infant health: fetal disease (column 1), neonatal malformation (column 2), neonatal disease (column 3), and other infant health condition (column 4). Although the association of fetal disease (column 1) and neonatal malformation (column 2) did not reach statistical significance, neonatal disease (column 3) remains statistically significant (P < .001) with an odds ratio of 1.15. And other infant health condition (column 4) also remains statistically significant (P < .001) with an odds ratio of 0.576. The neonatal disease group diagnoses include LBW which is one of the main factors of adverse infant outcomes. 31 Hence, this result is consistent with previous empirical findings that the migrant women are more likely to have adverse birth outcomes in the form of neonatal diseases.
Handling Potential Self-Selection Bias
There may be potential selection bias within our study context as migration is a choice, and migrants have self-selected themselves into this study group. To address this potential counterfactual problem, PSM was used. 32 The results of the average treatment effect on the treated (ATET) (see Appendix B, column 1) show the increased likelihood of migrants having infants with adverse health outcomes to be 0.017 (P < .001). 0.000*** (0.000-0.000) 0.000*** (0.000-0.000) 0.000*** (0.000-0.000) 0.000*** (0.000-0.000) 0.000*** (0.000-0.000) n 13 690 24 314 22 669 32 910 11 098
Note. 95% CI in parentheses. OR = odds ratio; CI = confidence interval. *P < .05. **P < .01. ***P < .001.
INQUIRY
Although the likelihood has decreased, it remains statistically significant.
Test of the Healthy Migrant Effect -Maternal Health
We also investigated the healthy migrant effect by using the health status of the mother. Instead of using the self-reported health of the mother to test the healthy migrant effect, we used 2 key obstetric disease conditions-pregnancy complications and gestational diabetes-to investigate the relationship between maternal health and infant birth outcomes. These obstetric complications are better indicators as they represent key factors that might lead to adverse birth outcomes in the literature. [31] [32] [33] In addition, we extend our test by adding the modes of delivery variable, cesarean section (cesarean delivery vs natural delivery), to estimate the relationship between whether a woman has a cesarean delivery and migration status. Table 4 shows that migrant women are less likely to have a pregnancy complication and gestational diabetes during pregnancy than their urban counterparts. Migrant mothers have 84% (column 1, P < .001) less likelihood of pregnancy complications and 78.6% (column 2, P < .001) less likelihood of gestational diabetes mellitus. The results also show that migrant mothers are 75.7% (column 3, P < .001) less likely to have a cesarean delivery. These results are consistent with the previous literature; native-born mothers are relatively wealthy, and they are more able to afford the cost of cesarean delivery. 34 Furthermore, in the Chinese context, cesarean delivery has a reputation as being a safer mode of delivery relative to natural birth among both doctors and pregnant women. 35 
Discussion
Key Findings and Implications
This article presents 6 key findings.
First, the study shows the main finding of a strong and statistically significant positive relationship between mothers' migrant status and adverse infant outcomes in China. Moreover, we also found that although migrant women had a lower likelihood of pregnancy complications, they remain at higher risk of having infants with adverse birth outcomes than their Shanghai-born counterparts. In principle, a woman who has less chance of pregnancy complications might also experience less chance of adverse infant outcomes. However, the results of our study demonstrate that this is not the case; rather, our study found that migrant women experienced both a lower likelihood of complications and a higher [sic] likelihood of adverse infant outcomes than their Shanghai-born counterparts. The reasons for these findings could be due to the following.
As noted earlier, China's unique Hukou system tends to deny migrants access to urban medical care, including prenatal care. Migrants also tend to pay out-of-pocket for these costs, and that can reduce their use of prenatal checkups, which can lead to adverse infant birth outcomes. Moreover, migrants often also have lesser education and lower incomes. This lack of prenatal care awareness combined with the lower ability to afford medical expenses could result in adverse birth outcomes. Cesarean delivery can be a lifesaving delivery for fetal survival 36 and was considered safer than natural birth. 35 Our findings are consistent with prior literature, that is, Shanghai residents are more likely to have a cesarean delivery than migrants. 37 Xiu-guo Zhang et al 38 have suggested that the major reason why migrant women have cesarean delivery is because of fetal distress. In other words, owing to the high cost of cesarean delivery, migrants generally cannot afford cesarean section in normal cases and only do it under critical health situations, such as fetal distress.
Second, although migrant women are more likely have a sick baby, the infant birth outcomes of migrants gradually reach levels closer to the birth outcomes of Shanghai-born counterparts over the time period of the study ( Table 3 ). The migration of individuals from rural to urban centers is a major policy issue in China, especially in Shanghai, which is a major urban center. However, Hu et al 12 state that Shanghai has already begun to subsidize public hospitals for migrants so that they can avoid going to illegal private clinics. This has resulted in increasingly better health outcomes for infants over time. Also, it could be possible that the recent reforms of the Hukou system in 2014 could lead to some of this improvement, although the reforms are very recent and may not yet have a meaningful impact on infant health at this time.
Third, when the adverse infant outcomes were divided into 4 groups, we found that fetal diseases and congenital malformation have a greater chance to be related to genetic and consanguinity factors, 17 and therefore might be invariant to migrant status. This might explain why these results are not significant. However, the neonatal disease group, including the diagnosis of LBW, which is part of the neonatal disease category, is mainly dependent on socioeconomic and environmental factors. 17 This, therefore, might explain why this infant health condition was significantly related to migrant status.
Fourth, the association between maternal migrant status and adverse infant outcomes differed by maternal occupation. Employed migrant mothers were associated with a higher likelihood of adverse infant outcomes, whereas the effect on adverse infant outcomes was not pronounced for unemployed women. As noted, this was likely due to lack of power given the small proportion of the sample who are in the unemployed category.
Fifth, the results demonstrate migrant mothers have a lower risk of complications of pregnancy than their urban counterparts, which is consistent with the "healthy migrant effect." Migrant women enjoy health advantages to a certain extent because healthier people are more likely to migrate.
Sixth, Shanghai-born mothers are more likely to be diagnosed with gestational diabetes, which is one of the main factors leading to adverse outcomes. 17 The results of our study (Table 4 ) revealed that migrant women had a stronger likelihood of unhealthy babies, even though they are less likely to have pregnancy complications and gestational diabetes. One possible reason to explain this phenomenon could be the Hukou system. By limiting access to health services during pregnancy, this can lead to adverse birth outcomes for infants of migrant women.
Our study, therefore, lends support to the "healthy migrant effect," which suggests that migrants, including migrant mothers, are generally healthier than local residents. Existing literature has revealed that regarding infant health, the health conditions of infants born to migrants are worse than their native-born counterparts. 13 This could be due to the Hukou system, which excludes migrant workers from urban health insurance schemes. As a consequence, migrants face significant out-of-pocket costs to access health care services. Furthermore, their lower socioeconomic status can result in worse health status for migrant women, in turn resulting in poor pregnancy health outcomes. 25 In China, these factors are common for migrants, who earn lower wages, have lower levels of education, reside in poor living conditions, and tend to suffer financial difficulties. These will likely cause future physical illness and mental health concerns. 39 Consideration of improving the Hukou system to reduce health inequalities between migrants and their urban counterparts can make a substantial impact on the health of infants born to migrant women in China.
Strengths and Limitations
This is the first study to quantify the relationship between maternal migrant status on infant birth outcomes and maternal outcomes using extensive, detailed, and highquality medical data from hospital records and using medical diagnoses instead of self-reported health. It represents an important study that sheds light on the complex relationships between migrants and infant health outcomes in China. Previous studies used national-level data that do not incorporate women's individual-level health information. This study was able to incorporate detailed patientlevel health data using inpatient hospital data which include comprehensive maternal and infant medical diagnosis information as well as demographic and socioeconomic conditions. However, there are still a range of limitations that need to be highlighted. First, the hospital for this study was based in Shanghai, and this hospital may not be representative of all hospitals in China, although the number of births in this hospital is the highest in China. Second, we recognize that there may be other mechanisms (eg, maternal psychological attributes, healthy lifestyle, and life satisfaction) that may also contribute to this association. Third, a Shanghai Hukou did not necessarily indicate that the person was born in Shanghai, which may lead to misclassification bias. However, it is unknown to what extent this could be an issue as this could represent inherent data quality issues with the Hukou coding at the registry level. Finally, our dataset did not include some of the maternal social determinants such as income and education due to the unavailability of these data. This absence of information may limit our estimation of "healthy migrant effect." Further research is needed to study the full picture of maternal health and its potential interaction with adverse infant outcomes of migrants in China.
Conclusions
This study suggests that although migrant women have a lower risk of pregnancy complications than their urban counterparts, they were at a higher risk of having infants with adverse health outcomes. Overall, these results are consistent with the "healthy migrant hypothesis" and clearly highlight the mixed effects of migration in China. Current reforms to the Hukou system that improves access to prenatal health care for migrant women have the potential to enhance health outcomes for the infants of migrant women.
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